Background: Area-level socio-economic factors are significantly related to a population's health. This study investigates how school district-level factors affect the initiation of alcohol drinking of Danish adolescents. Methods: A survey sample of 11 223 female and male pupils in the 7th grade from 447 schools across Denmark was analysed for the outcome variable drinking initiation and a number of individual level predictors. Aggregated variables on school district level were created from national registry data for education, occupational level and household savings of residents, type of housing and land use characteristics. Results: About 40% of all respondents (45.8% males and 35.2% females) had ever drunk more than one glass of alcoholic beverage. Mixed-effects logistic regression showed that significant individual level predictors for drinking initiation were male gender, a lower performance at school, perceived peer group drinking and the perceived daily drinking of the father. On school district level, adolescents were more likely to initiate alcohol consumption in school districts with higher farming land use and less likely in those with higher proportion of private apartment buildings. Other school district factors were not associated with drinking initiation when controlled for individual level factors. Conclusions: The impact of socio-economic variables at school district level seems to be smaller in the welfare state of Denmark than known for other countries. However, residence in rural areas may be a direct disadvantage for youth, indicating a need for region-specific prevention programmes.
Introduction

S
ome research shows that area-level deprivation is significantly related to a population's health. [1] [2] [3] [4] [5] It has been hypothesized that socially disadvantaged areas suffer from poor social and material infrastructure, although recent research finds that the relationship between area deprivation and access to resources may vary by the resource and national context in question. 6 Area-level deprivation may influence health directly or indirectly by influencing lifestyles and behaviour. 1 Such knowledge is relevant for intervening at the area level which has become an important strategy to reduce health inequalities. 7 In youth, neighbourhood factors such as poverty or high proportions of ethnic minorities appear to be associated with poor dietary habits, 8 with early sexual debut 9 and with firearms carrying of adolescents. 10 Social cohesion and perceived neighbourhood problems have been shown to be positively related to youth drug and alcohol use. 11 Neighbourhood factors may have either a direct influence on alcohol use by youth or an indirect effect through mediators such as alcohol access at home. 12 Another study has shown that parental supervision has a stronger positive impact on early adolescent problem behaviour in neighbourhoods with more residential instability. 13 Research on the association between neighbourhood factors and alcohol-related harm has found a significant positive relationship between alcohol outlet density and violent crime. 14 However, studies on the relevance of neighbourhood context on alcohol use in adolescents have not consistently shown a positive association between neighbourhood deprivation and alcohol use. Chuang et al. 15 found neighbourhoods with high socio-economic status to be associated with increased parental drinking, which was further associated with increased adolescent alcohol use.
Neighbourhood effects can be considered as societal and cultural (i.e. contextual) risk factors for alcohol use, in that they provide legal and normative expectations for behaviour. Another group of factors includes those that lie within individuals and their interpersonal environments. Significant interpersonal predictors of adolescents' alcohol use have been shown to be families, the school classroom and peer groups.
early initiation of alcohol drinking is associated with current use of alcohol and other health risk behaviours among teenagers 23, 24 as well as with subsequent abuse of alcohol and related problem behaviours in later adolescence and adulthood. [25] [26] [27] [28] [29] [30] Since the consequences of early drinking initiation are substantial, examining area-level effects would aid in illuminating which factors influence alcohol initiation among Danish adolescents. The present research, therefore, involves a multi-level investigation of neighbourhood-level effects on individual health behaviour of Danish adolescents. It is hypothesized that characteristics of the school district have an impact on adolescents' alcohol drinking behaviour independently from individual level (socio-economic) predictors. We assume that pupils from school districts with characteristics of social deprivation such as low occupational level, low-educational level, low household savings and high housing density are more likely to start alcohol drinking at an early age.
Methods
Sampling
We used baseline data from the 'Danish Youth Cohort' survey conducted in 2005. In this study, adolescents were sampled in clusters of classes with schools as sampling units. Data consisted of Internet-based questionnaires which were completed by 7th grade students (typically 13-15 years of age) in 506 Danish schools. The participating 7th grade classes comprised a total of 12 498 adolescents who voluntarily responded with informed consent from their parents (response rate 63%; for details, see Vinther-Larsen et al. 31 ). Data on school district borders were available for 447 public schools out of the 506 participating schools resulting in a final sample of 11 223 pupils for the present analysis. The study was approved by the Danish Agency for Data Protection (Datatilsynet).
Individual level data
The Internet-based questionnaire assessed socio-demographic variables and a range of health behaviours (for response categories of variables, see table 1). It assessed drinking initiation based on lifetime drinking by a positive answer to the question: 'Have you ever drunk more than one beer, one glass of wine, one glass of spirits, or one alcopop?'. The individual socio-economic position was operationalized from the parents' socio-economic position with the three-item Family Affluence Scale, 32 which has shown good studentparent agreement in a validation study. 33 The scale asks about the numbers of cars owned by the household (none, one, two or more than two), whether the child has his/her own bedroom (yes or no) and number of family holidays in the past year (none, one, two or more than two). A family affluence score (FAS) was calculated ranging from 0 to 6 points and was categorized into low (0-2), medium (3) (4) and high (5-6) levels. We assessed the perceived frequency of the alcohol consumption of the father and the perceived alcohol drinking of classmates. We asked pupils about their perception of their own academic performance and also assessed individual school enjoyment with one questionnaire item.
School district-level data
For each of the participating schools, geographical school district borders were obtained from municipalities. A geographical database of school districts was constructed in a Geographical Information System (GIS) with MapInfo software (see figure 1 ). Using GIS, the description of the school districts was based on two types of variables:
As 'source 1', we used data developed in cooperation between Statistics Denmark and the company Geomatics. These data, conzoom Õ -factors, describe the Danish population through a number of socio-economic and demographic variables at a European Journal of Public Health geographical resolution of 100 Â 100 m cells. Aggregate data on educational level, occupational level, household savings and housing density were available for each of these area cells. These factors were scaled from 1 to 10 for each cell indicating that the respective level of a factor was over-represented in a given cell as compared with the distribution on the national level. 'Educational level' was ranked from 1 'less than 8 school years' to 10 'university degree'; 'occupational level' was ranked from 1 'unemployed' to 10 'top manager'; 'housing density' was ranked from 1 'single farm house' to 10 'rented apartment'; and 'household savings' categorized into percentiles of the Danish population. Depending on their size, the school districts ranged between 16 and 1280 cells, with a mean of 270 occupied squares. School districts were considered as having a high educational level if !50% of cells were categorized in 9 or 10 indicating higher education. For high-occupational level, the cut-off was set to !50% of cells being categorized in 9 or 10 indicating high-level occupation. For low housing density, the cut-off was set to !50% of cells being categorized in 1 or 2 indicating an over-representation of single-family houses. For high household savings the cut-off was set to !50% of cells being categorized in the percentiles 8-10 indicating an overrepresentation of the three highest percentiles. As 'source 2', we used geospatial data typifying land use in the surrounding environment of the school districts. 34 The land-use data describe occupied areas through 24 categories with a geographical resolution of 100 Â 100 m cells. We used the land use categories 'owned apartment buildings', and 'farming' for our analyses. The data set characterizes the predominant type of use or type of housing for each 100 Â 100 m cell. We calculated the percentage of cells for each of the land use types per school district with the total number of cells characterized in the land use dataset as the denominator.
Statistical analysis
We calculated the proportion of pupils who had ever consumed alcohol for different subgroups on individual level and on school district level (table 1) . To test the differences between subgroups, we used chi-squared tests.
Logistic regression with random effects was used to analyse alcohol initiation. Random effects models account for the nested data structure: individuals are nested in school districts. We calculated random intercept models to allow random variation for the different school district variables. With random effects models, it is possible to include both variables on the individual level (e.g. school enjoyment) and on the district level (e.g. farming land use) and to distinguish between the related factors on the different levels. Odds ratios (OR) and confidence limits are reported for fixed effects and covariance parameter estimates are given for random effects. According to Larsen and Merlo, 35 the interpretation of fixed effects for school district variables is not straightforward. Even if a school district variable has a significant impact on the outcome in the model this does not mean that all pupils in the high-risk districts have a higher probability of being a consumer than pupils in a low-risk district. To account for this, we calculated interval odds ratios (IOR) for significant second level variables as suggested, 35 which describe the distribution of the OR from pupils with the same individual level covariates and different school district covariates. The IOR is not a confidence interval, but gives an interval for the random 
We calculated median odds ratios (MOR) according to Larsen and Merlo 35 to provide a measure of variation between school districts with regard to alcohol initiation. The MOR is the median odds ratio between two persons with the same individual covariates chosen randomly from two districts differing regarding risk for alcohol initiation. 35 
Results
Sample characteristics
The sample was fairly evenly divided by sex: 49% of the respondents were male (n = 5476). The mean age was 14.1 years (AE0.38 SD). This percentage decreased significantly with increasing school enjoyment and academic performance and increased with an increasing proportion of drinking classmates and among those whose fathers drank alcohol daily.
Unadjusted predictors of alcohol initiation
Alcohol initiation was significantly higher in school districts with lower occupational levels and lower educational levels and was lower in school districts with high household savings. Further, alcohol initiation was associated with a higher density of single-family houses and a lower density of owned apartment buildings. In school districts with higher levels of farming, adolescents were more likely to drink alcohol. Table 2 presents adjusted individual level and school district level estimates for alcohol initiation resulting from mixed logistic regression models. Two models were calculated using district level variables from different sources (source 1: Statistics Denmark data processed by a private company and source 2: land use data). In both models, the individual estimates showed consistently significant associations with alcohol initiation: male adolescents, those who enjoyed school less and those who rated their academic performance lower were more likely to have started drinking alcohol. In addition, the perceived number of classmates drinking alcohol and the perceived daily drinking of the father were positively associated with alcohol initiation. FAS was not associated with alcohol initiation.
Multi-level predictors of alcohol initiation
We found no significant effects for factors characterizing the socio-economic level of the school district (occupational level, educational level and household savings) after adjusting for the individual covariates (Model 1). Adolescents from school districts characterized by a high proportion of single or farm houses, however, were more likely to have started alcohol consumption. The IOR reports the 10th and the 90th percentile of the OR when pair wise OR are calculated for pupils with the same individual covariates and living in school districts with high vs. low density of single houses. So, 80% of these OR lie between 0.8 and 1.97. The majority of these OR is higher than 1.
When land use data were entered into the model (Model 2), housing density lost significance and a lower proportion of private apartment houses as well as a higher proportion of farming land use became significant predictors for adolescent alcohol initiation on school district level. The IOR can be interpreted as follows: if one randomly selects two students with same covariates on the individual level from school districts with different level of private apartment buildings, the OR of alcohol initiation lies with a likelihood of 80% in the interval 0.52-1.29, indicating that in areas with a higher level of private apartment buildings the probability of alcohol initiation is lower than in areas with a lower percentage of private apartment buildings. The IOR for areas with a higher percentage of farming use is 0.79-1.96 and indicates that pupils in these areas are more likely to be alcohol consumers. The range of the interval is due to the existence of unobserved heterogeneity or unobserved school districtspecific covariates. Different models with different cut-offs for higher proportion of farming and private apartment housing resulted in similar results.
Discussion
This study has attempted to disentangle the effects of individual socio-economic predictors and school district-level factors on individual adolescent drinking behaviour. We assumed that pupils from school districts characterized by some degree of social deprivation would be more likely to start alcohol drinking at an early age. In line with this hypothesis, we saw effects of school district-level deprivation on alcohol initiation: school districts with low-occupational and educational levels had significantly higher levels of alcohol initiation among pupils. However, when the analysis was adjusted for individual factors, such as school enjoyment and perceived drinking of classmates, these effects disappeared and initiation of alcohol drinking was not associated with socio-economic factors of deprivation-neither at the individual nor at the school district level. This leads to the assumption that earlier alcohol consumption in the deprived areas-a finding that was significant when not controlling for individual factors-may be solely due to compositional effects, i.e. a higher proportion of residents with lower socio-economic status in an area may increase the likelihood of unfavourable health practices in youth. Therefore, individual level factors, especially peer and parental alcohol use may be regarded as confounding the school district-level socio-economic effects: Peer and parental drinking might be higher in low socio-economic school districts due to composition of the school district and at the same time affect alcohol initiation.
Earlier studies have found positive effects of area level deprivation on adolescent alcohol use, although the results were not always consistent. [12] [13] [14] [15] These studies are not directly comparable to ours, because none of these studies was conducted in a Scandinavian country, none examined alcohol initiation as an outcome and not all controlled for individual level factors. Although there is a considerable variation in the socio-economic characteristics of the school districts according to occupational level, educational level and household savings in our data set, these may not directly account for the variation in drinking initiation when controlling for individual level factors. A potential reason for this may be the relatively high level of tax-funded governmental investments in Denmark. Consequently, socially deprived school districts may not lack resources to the same extent as in countries with lower state investments in facilities, services and infrastructure. Recent research on the distribution of local resources in Glasgow, Scotland has also challenged the general perspective that poorer neighbourhoods lack access to resources. 6 Thus, living in socially deprived areas in strong welfare states may in general have less impact on health inequity. However, due to the sparse research on contextual influences on health and health behaviour in Scandinavian countries, this hypothesis remains to be confirmed with further research.
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On the other hand, our study suggests that independent of individual level factors adolescents living in school districts with higher farming land use and less owned apartment housing-as typically found in rural areas-are more likely to start alcohol drinking early. Although this finding was independent from fathers' drinking behaviour and alcohol drinking of peers, a different culture in rural areas favouring alcohol consumption at earlier ages may account for the earlier alcohol drinking among adolescents. In addition a potential lack of organized leisure and cultural facilities, such as youth and sports clubs and cultural events, may be leading to boredom and to youth 'hanging out' in rural areas which could facilitate alcohol use. Adolescents living in urban areas may be more monitored through a higher level of organized leisure time protecting them from early alcohol use. Our findings are supported by a review of school effects on pupils outcomes indicating that pupils from schools in urban locations generally show more positive outcomes (smoking habits, wellbeing, problem behaviour and school achievement). 36 Limitations of our study include that, with the response rate of 63%, selection bias cannot be ruled out. Additionally, our study involves cross-sectional data and thus we cannot claim causal associations between the predictor and outcome variables. In this study, the outcome is whether the adolescents had experienced drinking initiation by asking adolescents if they had drunk any alcohol by a certain date, i.e. spring of 2005, and thus cannot be used as a definite date of first alcohol use (alcohol initiation). However, other studies asking directly about age of initiation agree well with our data. 37, 38 Drinking initiation could be influenced, though, by over-reporting due to exaggeration, but since the collection of data was confidential and was not discussed with anyone, this potential bias should be minimal. Also pupils who reported higher a: fixed effect is significant; data source 1: Statistics Denmark data processed by private company; data source 2: land use data b: The majority of these ORs is higher than 1 c: The majority of these ORs is lower than 1
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peer drinking may be more likely to report own drinking. This would lead to an overestimation of the association between alcohol initiation and peer drinking, but this association was not the core of our research. Furthermore, it might be that the school district-level variables available do not sufficiently capture school district social deprivation. In summary, the results of our study suggest that in the Danish welfare state it is not socio-economic disadvantage on the area level that is directly associated with early alcohol initiation, but may indirectly influence adolescents behaviour through family and peers. In addition to peer and parental alcohol drinking behaviour as well as low school performance and school enjoyment as risk factors, residence in rural areas may be a direct disadvantage for youth. This is an important finding for prevention of early alcohol initiation in Denmark. Adolescents in rural areas should be specially targeted in health promotion programmes. Further research should include qualitative and ethnographic methods in order to identify factors contributing to the earlier use of alcohol in rural areas.
